This paper investigates the influence of different types of steel fibers on the engineering properties of ambient cured alkali-activated slag-fly ash concrete. The engineering properties investigated include workability, compressive strength, splitting tensile strength, flexural strength, direct tensile strength, and stress-strain response under axial compression. Three types of steel fibers, i.e., straight micro steel fiber, deformed macro steel fiber and hybrid steel fiber, were added to the alkali-activated slag-fly ash mixes. It was found that the workability of the alkali-activated slag-fly ash concrete mixes decreased with the increase in the volume fraction of steel fibers. It was also found that the compressive strength, splitting tensile strength, flexural strength, and direct tensile strength of alkali-activated slag-fly ash concrete mixes increased with the addition of steel fibers. The stress-strain response of alkali-activated slag-fly ash concrete mixes changed from brittle to ductile by the addition of steel fibers. Significant improvements in the mechanical properties of alkaliactivated slag-fly ash concrete were observed for the addition of 2% by volume of all three types of steel fiber. The addition of hybrid steel fiber (1% straight micro steel fiber plus 1% deformed macro steel fibers) showed the highest improvement in the mechanical properties of ambient cured alkali-activated slag-fly ash concrete. 
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Crushed aggregate with a maximum size of 10 mm was used as coarse aggregate and river 
132
The sodium hydroxide (NaOH) solution was prepared by dissolving the NaOH pellets in where 40 is the molecular weight of NaOH. In order to mix the NaOH pellets with water, a 137 magnetic stirrer was used. The mix was stirred until the pellets were fully dissolved in the 138 water. The NaOH solution was prepared 24 hours before the mixing of concrete. The 139 Na 2 SiO 3 and NaOH solutions were blended together for a Na 2 SiO 3 /NaOH mass ratio of 2.5.
140
In order to improve the workability, a commercially available high range water reducer,
7
In this study, three types of steel fibers were used, i.e., straight micro steel (MS) fibers, 
150

Preparation of specimens
151
In the production of the alkali-activated slag-fly ash concrete, the component materials
152
(GGBS, FA, coarse aggregate, and sand) were initially mixed in a pan mixer without steel 153 fibers. The alkaline activators were prepared by combining Na 2 SiO 3 and NaOH. High range 154 water reducers and water were then added to the dry mix. Afterwards, the steel fibers were 155 added gradually in order to avoid fiber balling and to produce an alkali-activated slag-fly ash 156 concrete mix with reasonable workability. In this study, a total of three types of steel fibers 8 strength and stress-strain response under compressive axial load. The alkali-activated slag-fly 166 ash concrete was cured under ambient conditions.
167 Table 2 shows the mix proportions of alkali-activated slag-fly ash concrete adopted from a 168 previous study by Hadi et al. (2017) . Ground granulated blast-furnace slag (GGBS) and Fly 169 ash (FA) were used as binders for alkali-activated slag-fly ash concrete. A combination of 170 sodium silicate (Na 2 SiO 3 ) and sodium hydroxide (NaOH) was used as alkaline activators.
171
Crushed aggregate with a maximum size of 10 mm and river sand were used as coarse and 172 fine aggregates, respectively.
173
In this study, polyvinyl chloride (PVC) cylindrical molds of 100 mm × 200 mm were used for and a relative humidity of 60 ± 10% for 24 hours. Afterwards, the specimens were removed 185 from the mold and left under ambient conditions until the time of testing.
186
Labelling of alkali-activated slag-fly ash concrete mixes
9
In this study, each alkali-activated slag-fly ash concrete mix has been labelled with an 188 acronym ( reduced by using two timber triangular prisms with a height of 10 mm and a base of 20 mm.
228
The triangular prisms were glued inside the wooden formwork vertically at the middle of the 229 specimens, as shown in Fig. 2 .
230
In order to apply the direct tensile force on the alkali-activated slag-fly ash concrete 
235
To prevent any misalignment of the gripping claws and to ensure the application of the axial 236 tensile loading during the testing, two universal joints were used. The universal joints were 237 also used to hold the ends of specimens by the testing machine. Figure 3 shows the setup for 238 direct tensile tests. All the specimens were tested using the 500 kN Universal Instron testing 239
machine. The specimens were tested up to failure under a displacement controlled loading at 240 0.1 mm/min and the data were recorded at every two seconds.
241
In order to investigate the stress-strain response of the ambient cured alkali-activated slag-fly 
Results and discussion
254
Ten alkali-activated slag-fly ash concrete mixes were designed to study the influence of The slump test results are reported in Table 4 . The addition of MS, DS, and HS fibers in mix was found to be difficult to cast and also the vibration during casting was not efficient.
271
Therefore, some voids were observed when the specimens were de-molded. However, no during the mixing process, which restrained the followability of the mixes.
282
Compressive Strength
283
The compressive strength of various mixes tested at 7 and 28 days are shown in Table 4 . The The presence of the steel fibers effectively prevented the sudden failure of alkali-activated 391 slag-fly ash concrete specimens. As expected, the failures occurred in the middle of all the 392 specimens as the cross section of the specimens was reduced by 20%. For all specimens 393 tested under direct tensile load, no claw slippage was observed and no cracking occurred at 394 the end of the specimens. This indicates that a proper alignment was achieved during testing.
395
The direct tensile strength was calculated as the maximum tensile load divided by the reduced 396 cross-sectional area of the specimens (100 mm × 80 mm). Figure 10 shows the effect of the 18 volume fraction of different types of steel fibers on the direct tensile strength of alkali-398 activated slag-fly ash concrete mix. It can be observed in Fig. 10 The stress-strain response of ambient cured alkali-activated slag-fly ash concrete was 415 determined by testing cylinder specimens with 150 mm in diameter and 300 mm in height.
416
The stress-strain response of the cylinder specimens was evaluated at 28 days. The stress- 
435
The peak stress, strain corresponding to the peak stress and modulus of elasticity of the 436 specimens are reported in Table 5 . It was observed that the increase in the volume fraction of 437 MS fibers from 0 (REF) to 3% (ACMS3), the strain corresponding to the peak stress 438 increased by 57.1% (Table 5) . It was also observed that the increase of DS fiber content from (Table 5) .
441
For HS fibers, the addition of 2% HS fibers by volume showed a significant influence on the propagate. Therefore, the improvement was achieved in the post-peak response of alkali-457 activated slag-fly ash concrete with HS fibers.
458
The area under the stress-strain curve represents to the toughness of the material. Figure 11 
459
shows that the area under the stress-strain curve increased with the increase in the volume 460 fraction of steel fibers, which indicated an increase in the toughness. The average toughness 461 of the alkali-activated slag-fly ash concrete mixes was calculated and shown in Table 5 . The 462 limiting strain for the toughness was considered as 0.015, which is five times the ultimate 463 concrete strain of 0.003 as specified in ACI 318-11 (ACI 2011) for conventional concrete.
464
The toughness of different alkali-activated slag-fly ash concrete mixes was evaluated and the 465 results are presented in Table 5 . It can be seen from Table 5 
471
This may be because the concrete with different types and shapes of steel fiber provided a 472 combined effect to the ability of fibers in arresting cracks at both micro and macro levels.
473
Consequently, the toughness of alkali-activated slag-fly ash concrete increased.
474
Conclusion
475
This study evaluated the engineering properties of ambient cured alkali-activated slag-fly ash Table 1 . Chemical composition (mass %) for GGBS and FA Table 5 . Axial stress-axial strain response of ambient cured alkali-activated slag-fly ash 
671
